Bladder carcinomas are of two main types, superficial and invasive; the latter have a poor prognosis on the whole, but vary from one patient to another regardless of the treatment (Whitmore & Marshall, 1956; Morrison & Deeley, 1965; Prout et al, 1979; Slack & Prout, 1980; Batata et al. 1981) . Depth of invasion and the histological grading of the tumour are the factors best correlated to prognosis, but other indicators are still needed (Jewett & Strong, 1946; Mostofi, 1968; Kern, 1984; Tabbara & Mehio, 1984) .
Like other epithelia, urothelium is sustained by a basement membrane which separates it from connective tissue and contains various glycoproteins of high molecular weight (Vracko, 1974; Kefalides, 1975; Orkin et al. 1977) . Among them, type IV collagen (CIV) forms a network which is the architectural skeleton of basement membranes and laminin plays an important role in anchoring epithelial cells to CIV Terranova et al. 1980; Timpl et al. 1981) . Other known basement membrane components are heparan sulphate-rich proteoglycan, entactin etc. Basement membranes are important in growth and differentiation of tissues, and constitute the first natural barrier to the invasion of cancerous cells (Ozzello, 1959; Siegal et al., 1981; Burtin et al., 1982; Liotta et al., 1983) .
Furthermore, an important point was discussed by Liotta et al. (1977, 1980) who established a correlation between the metastatic potential of various experimental tumour cells and the degradation of basement membrane CIV. While many reports noted elevated collagenase activities in human and animal tumours, Wirl and Frick (1979) found that collagenase activity in bladder tumour extracts increased with the degree of depth penetration.
Later, several groups studied basement membrane antigens in human tumours of different organs using immunohistological methods: Breast (Albrechtsen et al., 1981; Siegal et al., 1981) , pancreatic gland (Ingber et al., 1981) , colon (Burtin et al., 1982 (Burtin et al., et 1983 Forster et al., 1984) , thyroid gland (Miettinen & Virtanen, 1984) , brain (McArdle et al., 1984) melanomas (Natali et al., 1985) and recently laryngeal specimens (Visser et al., 1986) , but no study has been reported on bladder tumours. Furthermore, Forster et al. (1984) Immunoperoxidase method Antisera to CIV purified from the matrix of EHS sarcoma were raised in rabbits and the antibodies, which were kindly given us by J.M. Foidart (Univ. of Liege, Belgium), were purified by immunoabsorption. Their specificity was tested by radioimmunoassay and immunofluorescence blocking and absorption studies (Foidart & Reddi, 1980; Foidart & Yaar, 1981) .
Serial sections of 3 pm thickness were cut from blocks with an Autocut (R. Jung, Heidelberg, FRG), then laid on glass slides pretreated with a I% solution of purified agar (Oxoid) and dried at 37°C for -24h (these optimal conditions were defined after different trials in our laboratory).
Sections were dewaxed in three baths of xylene for 10min each and three baths of graded ethanol for 2min each, then endogenous peroxidase was blocked by a solution of 0.5% H202 in pure cold ethanol for 20 min followed by three washings in PBS (0.9% NaCl in 0.01 potassium phosphate buffer pH 7.4) for 5 min each. The sections were incubated in a solution of 20% normal sheep serum in PBS for 30 min at room temperature.
Sections were then submitted to enzymatic treatment at 37°C using crystalline pepsin (Sigma) at 0.4% (w/v) in 0.01 N HC1 pH2 for 2h. This critical step needs further comment: When this work was begun in 1982 the first intention was to perform a retrospective study on bladder tumour sections; many technical difficulties were encountered and the main one was to unmask the basement membrane antigens. Most previous studies made by other groups on these antigens were on frozen sections and only some of them used paraffin embedded sections submitted to a proteolytic treatment. Urothelial tissues had never been studied before and when we compared them to other tissues, such as colonic mucosa, we found the former more sensitive to enzymatic degradation and this was variable from one sample to another in an unpredictable manner. Therefore we abandoned the retrospective study and undertook a prospective study of ethanol-fixed paraffin embedded urothelial samples. Preliminary results (Daher et al., 1984) were encouraging; the quality of ethanol-fixed specimens was also noted by other groups on different tissues (Szendroi et al., 1983; Suzuki et al., 1984; Forster et al., 1984) . The optimal conditions of enzymatic treatment had to be defined and, after trying papain, trypsin and pepsin in acetic or chlorhydric solution, we chose pepsin in HCI solution. For each group of samples we tried different times of incubation (0.5, 1, 2, 4h) and different pepsin concentrations (0.1, 0.2, 0.4, 0.8%). In most non cancerous and superficial tumour samples, CIV could be unmasked after 1 h incubation with 0.2 or 0.4% pepsin while the other tumours needed 0.4% pepsin for 2 h. As we stated before, this fact could be explained technically by the different times of ethanol fixation of superficial and invasive tumours and their different structures. Similar problems were faced with colonic specimens and have been widely discussed by Forster et al. (1984) . We thus determined for all the specimens optimal conditions as 0.4% pepsin for 2h at 37°C. Furthermore, it must be stated that the quality of CIV staining was not altered in these conditions relative to less drastic ones, for non cancerous tissues, superficial or invasive tumours, although we occasionally noted that epithelial cytology was less clear. It is pointed out that these optimal conditions are similar to those used by different authors (Curran & Gregory, 1977; Burns et al., 1980; Eckblom et al., 1982; Kirkpatrick & d'Ardenne, 1984; Forster et al., 1984) .
After the enzymatic step, the sections were washed for 15min at least in PBS with gentle agitation and incubated for 1 h at room temperature with anti CIV antibodies diluted 1/200 in PBS with 1% normal sheep serum. Then they were washed for 15 min and incubated for 30 min at room temperature with a sheep antiserum against rabbit IgG (heavy + light) labelled with peroxidase (Institut Pasteur France) at 1/100 solution in PBS.
Peroxidase activity was revealed using aminoethylcarbazole (Sigma) according to the method of Graham (1965) 
Results
In the 31 normal urothelial samples, basement membranes were strongly and continuously stained by anti CIV antibodies (Figure 1) as was the blood vessel wall in the lamina propria. When blood vessels were just near the basement membrane, the staining seemed stronger and thicker. Non cancerous urothelia with inflammatory proliferative disorders, such as hyperplasia or von Brunn nests, were similarly stained (Figure 2 ). All peritumoral samples, either distant from (Figure 3 ) or adjacent to tumours were stained normally, regardless of their histological aspect, whether it was normal or hyperplastic or even dysplastic. The 27 superficial papillary tumours, were stained similarly to non cancerous tissues (Figure 4) (Figure 9 ). Since the pattern of staining for CIV was nearly always heterogeneous in a tumour, we defined two main patterns.
In pattern I (Figures 5, 6 & 7) the staining was either conserved or fragmented in limited parts or, rarely, in large parts but only to the limit of 5% of tumour area. In pattern II (Figures 8, 9 & 10), the staining was either absent or widely fragmented in more than 5% of the tumour area and, generally, the staining was abnormal in over one third of the tumour area.
Using this system, classification of invasive tumours was as follows (Table 1) :
In superficially infiltrating tumours (11 PTl), the staining patients with invasive tumours were lost to follow-up, and only 29 patients had an assessable follow-up (evolution known for three years or death from cancer disease). All these latter patients with a CIV pattern I staining were alive at two years after diagnosis; among them were five patients with a deeply invasive tumour: two had a local recurrence, one has progressed from PT3 to PT4 and two others were alive at two years with no evidence of disease. At three years, the latter two patients were alive while the former three patients with persistent disease died. Conversely, almost all patients with CIV pattern II staining died by two years: 8 the first year with distant (5) or regional (2) metastasis or both (1); three more patients died the second At three years of evolution, the difference in survival as related to the CIV staining pattern was still highly significant (P<0.001) (Table II) . For this statistical analysis, we used the Armitage-Cochran test (Table II) (Ingber et al., 1981) , breast (Albrechtsen et al., 1981; Siegal et al., 1981) , colon (Burtin et al., 1982; Forster et al., 1984) , brain (McArdle et al., 1984) , thyroid gland (Miettinen & Virtanen, 1984) , melanomas (Natali et al., 1985) and laryngeal specimens (Visser et al., 1986) .
Moreover, nearly all studies noted an alteration of the basement membrane antigens in carcinomas even in limited lesions, defining early steps of invasion. In our study, we attempted to define two patterns of CIV staining in bladder invasive tumours and to correlate them with prognosis. It is striking to note that marked abnormalities for CIV staining pattern II were only seen if the tumour had invaded the muscular layer, and all the PT1 tumours we studied had pattern I staining. However, all of them infiltrated the lamina propria in a limited manner and further studies of PT1 tumours become necessary since it was shown (Steg et al., 1979) that the prognosis of these tumours varied according to the extent of lamina propria invasion. In contrast, marked abnormalities of CIV staining were found in deeply invasive and high grade tumours. We noted that only about half of these latter tumours (20/37) had major abnormalities of CIV staining. This fact is of importance and suggests that the CIV staining pattern may be independent of the two known histological factors of prognosis (grade and stage).
An important point of this study is that the CIV staining pattern seems to provide prognostic information, since tumours of the same stage and grade but with different CIV staining patterns behaved differently in the short term regardless of treatment. A CIV staining pattern I correlated with a longer survival whereas pattern II staining was associated with a less favourable prognosis and the difference was highly significant (P<0.0001 at two years and P<0.001 at three years).
From this limited study, we cannot explain with certainty why prognosis in bladder carcinomas seems to be different in two groups of patients as defined by their staining pattern for CIV. However, several factors must be considered to understand the relationship between alterations of basement membrane components and inferior prognosis. On one hand, the role of CIV and laminin in the architectural organisation and function of basement membranes is well known. On the other, in tumours, there seems to be a balance between the synthesis of these components by epithelial malignant cells, when it is preserved, and the degradation of basement membranes by various tumour-derived proteases.
Early experiments illustrate local degradation of host basement membrane by tumour cells (Babai, 1976; Liotta, 1977) , especially metastatic cells . The level of collagenase was found to correlate with the aggressiveness of the tumour (Wirl & Frick, 1979) . A type IV collagenase was demonstrated in migrating endothelial cells and especially in metastatic tumour cells (Kalebic et al., 1983) and the amount of this enzyme was found to be increased in highly metastatic tumour cells . Recently, using hybridization technics, there was evidence that tumorigenicity seemed to be quite different from metastatic capacity, and the latter was related to a type IV collagenase (Sidebottom & Clark, 1983; Turpeenniemi-Hujanen et al., 1985) .
All these points are currently discussed in the recent literature, and, for the purpose of our study of bladder tumours, further investigation is required to see whether the presence of type IV collagenase in the tumours would be correlated with the staining patterns of CIV.
In this study, we have described an immunohistological parameter of invasion that could be complementary to the two known prognostic factors such as grade and stage. Our results suggest that, in addition to these classical prognostic factors, the CIV staining pattern might be helpful in treatment decisions for patients with invasive bladder carcinomas.
